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(54) Abstract Title 

Pipeline leak detector system 

(57) A pipeline leak detector system includes a free flow pig 10 with resilient cups 1 6 and 17 and body 
portion 15 defining a test chamber when in contact with the wall of pipeline 29 as it passes under fluid flow 
through the pipeline. A second chamber is formed between resilient cups 11 and 13 and inner body portion 12 
when in contact with the pipeline wall. 

Pressure transducers 46, 50 and 55 measure differential pressure at several locations with reference to 
the fluid at the rear of the pig. Wheels 20 in contact with the pipe allow measurement of the bore diameter and 
any pig offset to be determined. A footage measurement mechanism 40 provides information on the distance 
travelled as well as velocity information. 

Stored information is downloaded to a computer which is coupled after the pig has carried out a 
measuring run. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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Pi pFIJNE LEAK DF.TFCTOR S YSTEM 



The invention relates to a pipeline leak detector system for pipelines 
carrying fluids such as natural gas. 

The invention is concerned with providing a device which can be inserted 
into the pipeline whilst fluid is flowing and will detect leaks due to pipe 
damage or poor joints for example as it moves through the pipeline, being 
transported by the flowing fluid. 

According to the invention there is provided a pipeline leak detector system 
comprising: . 

a device for passing through the bore of a pipeline as fluid flows through 
the pipe; 

means on the device for providing a test chamber with the pipeline internal 
wall; < 

means for providing a continuously available orifice from the pipeline to 
the test chamber from a second chamber; 

means for continuously determining the internal pipeline bore size; 
means for measuring the differential pressure between two different 
locations including a first pressure means for measuring the differential 
pressure between the test chamber fluid and the pipeline fluid external of 
the device; and % 

means for determining the position of the device as it travels through the 
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pipeline. 

Further according to the invention there is provided a method of detecting 
pipeline leaks; including the steps of 

passing a device with detectors thereon through the bore of the pipeline so 
as to be driven by the fluid flow; 

measuring a differential pressure between a test chamber, formed between 
th & device and the pipeline wall, and the external fluid in the pipeline; 
measuring a differential pressure between a second chamber, formed 
between the device and the pipeline wall, and the external fluid in the 
pipeline, the two chambers being linked by a continuously present orifice; 
continuously determining the internal bore size of the pipeline; and 
determining the position of the device as it travels through the pipeline. 

The invention will now be described by way of example with reference to 
the accompanying drawings in which: ■ 

Figure 1 shows an embodiment of the leak detecting pig for insertion in the 
pipeline; 

Figure 2 shows a schematic view of the leak detecting pig within an 
existing pipeline to be tested; 

Figure 3 shows a block diagram of an embodiment of the data handling and 
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processing system employed; 

Figure 4 shows a flowchart associated with the data acquisition; and 

Figure 5 shows graphs associated with typical test results where a leak is 
present. 

The leak detecting pig 10 of Figure 1 is designed to move through a 
pipeline, e.g. a gas transmission pipeline, with the flow of the fluid as the 
motivating force. The free flow pig comprises a front cup portion 1 1 of 
resilient material mounted on a suspension ring 11a and configured to 
contact the inner surface of the pipeline through which it is to pass, e.g. a 

12 inch pipeline. The cup 11 is fitted to an inner body portion 12 of 
cylindrical form which terminates at a rear cup portion 13, again of 
resilient material and mountedon a suspension ring. Between cups 1 1 and 

13 a larger diameter outer body portion 15 carries cups 16 and 17 towards 
the front and rear respectively again mounted on suspension rings. 

Between cups 1 1 and 16 on the inner body portion 12 there are mounted 
three spring loaded trailing arms 20 each including an instrumented 
suspension wheel 21 so that as the bore , of the pipe changes, the change 
will be detected by the moving arm and so the changes can be used to 
compute circular bore, the amount the pig is off centre (sag) and the 
angular direction of any sag relative to a datum point. The spring loading 
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.effectedbymree tension springs 26. Oneof.heWhee.s2. iscoup.ed 
„ a footage me— (e.g. magnetic sensot, whrch determines the 
distance navCed trough the pipeline for computation and control 
purposes. 

Likewise on the tear section nnther arms 23 each inCuding an associated 
wheel 24 provide dam on pipe dimensions and pig sag. The arms are 
reusioned by means of springs 28. An orifice 30 is provided in the onter 
My portion .5 to aUow a continuous passage to be avaUab.e between the 
outer body 15 and inner body .2 for detecting pressure changes as 
described in more detail with regard «o Figure 2 be.ow. The inner body 
portion .2 which is a sealed pressure vessel for protection, cames the 
eUctronics for dam measurement and capture and a battery for power 
req uiremen,s. A socket 35 aUows information to be entered into me p.g vra 
a computer (e.g. .aptop PC) prior to passage tiuough me p.peUne and ,o 
aUow recharging of me interna, battery. Stored data can be downloaded to 
the computer after completion of the pipeline run via me socket 35. 

Hence me pig is self contained and is driven by me passage of (he gas as . 
i, flows through the pipeline to give a. free flow detection system. 
Typically it can be used with pipeline bends of 3D and a gas pressure of 
SOOpsiaraflowrafcof Im/s, the laner being the speed of the pig through 

the pipeline. 
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Hence by employing a blend of local pressure drop measurements 
combined with pipe bore mapping, relatively small leaks, typically in the 
order of 100 scmh can be determined as now explained with regard to 
Figure 2. 

As the pig moves through the.pipeline 29, the cups 16 and 17 together with 
the outer body portion 15 form a test volume chamber 42. The cups 1 1 and 
13 and the inner body portion 15 form an inner chamber 43 coaxial with 
chamber 42. 

The chambers 43 and 42 are connected via the small orifice 30. A small 
amount of gas' within the pipeline can enter the chamber 43 via orifice 44 
at the rear of the pig. The main flow of gas causes the pig to be forced 
along the pipe in a continuous movement. 

We have determined that it is advantageous to determine any changes in 
pipie size via the wheels 21 and associated arms 20 coupled to a transducer 
(e.g. potentiometer) as well as to determine various pressure changes to 
cope with gas pressure 'noise* due to turbulence and the movement of the 
pig. To determine pressure changes three differential pressure transducers 
46, 50 and 55 are provided within the inner, body portion. They are 
connected by small pipes to the measurement points. 

Hence pressure transducer 46 is connected by pipes 47 and 48 to measure 
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the differential pressure between the test chamber 42 and the gas at the rear 
of the pig. Pressure transducer 50 is connected by pipes 51 and 52 to 
measure the differential pressure between the inner chamber 43 and the gas 
at the rear of the pig- Pressure transducer 55 is connected by pipes 56 and 
57 to measure the differential pressure between the gas at the front of the 
pig and that at the rear of the pig (i.e. the drive differential pressure). 

Footage mechanism 40 (e.g. a magnetic or inductive transducer) will 
continuously determine the position of the pig as it moves through the 
pipeline 29 so that the position of any detected leak can be accurately 
found on dealing with the readings and also provides important velocity 
information. 

The way in which the electronics is configured to handle the information 
is shown in Figure 3. The electronics boards are contained within the 
sealed housing 15. The analog electric signals from differential pressure 
sensors 46, 50 and 55 are received at interface 60 and converted into.digital 
form in ADC 61 under the control of microprocessor 62. The infonnation 
then passes to store 63 for later retrieval. The store 63 is sufficient to store 
information from a run of 40 kM or more at a scan rate (e.g. 100 Hz) 
sufficient to detect a small leak. The footage detector 40 is also connected 
to interface 60 as are the outputs from the bore measurement arms 21. 

A rechargeable battery 65; (e.g. 12V) provides the power source which can 
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be passed via a regulator (not shown) to provide +/-5v for the system 
electronics. The pressure differential transducers can be provided with a 
regulated supply at 12 V as appropriate. External access to the electronics 
is via the socket 35 and interface 66. This allows a laptop PC 70, for 
example, to download stored information using communicating software 
as well as to set operational parameters for pig control A power supply 7 1 
allows recharging of the battery 65 after a run. Hence the computer 70 can, 
for example, set the distance along the pipeline at which the pig will 
automatically start to take measurements so as to avoid faulty readings in 
the vicinity of the entry point, for example, or to avoid duplicating readings 
already taken on a particular stretch of pipeline. Once the pig is in the 
pipeline it is self contained and has been disconnected from the computer 
70 and needs no umbilicals or other control requirements. 

Typical operation of the pig to acquire data is shown on the flowchart of 
Figure 4. It is seen that the initial part of the run is discarded for the 
reasons just explained. • u 

On finishing a run, when the pig becomes accessible, the data can be 
downloaded and the computer 70 will analyse the data to provide a display 
typically as shown in Figure 5. It can be seen that differential information 
from all pressure transducers 46, 50 and 56 is displayed against distance in 
metres. The front and rear bore transducer information is also displayed 
* to give a continuous bore size measure in (mm). In addition the speed of 
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the pig can also be displayed. 

From the graphs DPI is ft- 50 <aki»g «« *— 

between the second chamber 43 and ft. rear of the pig. DP2 is from 
t^ucer 46 taking the differentia! pressure between the test ehatnber 42 
and the rear of the pig. and DPS is fron, transducer 55 taking the 
differential pressure between the fron, and rear of the pig. It can be seen 
*at a, a leakage in the pipe all three tiansducers wUl show this, although 
Ore highest peak will be from DP2. Analysis of the pressure traces along 
with bore change traces allows confirmation of a leak as opposed to a 
spurious signal. Therefore in Figure 5, the graphical information towards 
the right shows DP2 with a large differential pressure change. At the same 
position mere is no significant bore change so confirming me pressure 
change is indicative of a leak. By comparison, towards the left of the 
traces, there is some variation in pressure but observing the bore size 
nteasuremen, it is seen that mis also changes indicative of the presence of 
a flange in the pipeline. 

By employing a number of transducers for detecting differential fluid 
pressures at several locations, 'noise' associated with motion of the vehicle 
can be overcome so allowing continuous measurement 'on the move' 
without having to park the pig over the leakage site to allow time for 
registration of pressure drop. The present arrangement allows small leaks 
to be determined without interrupting pipeline flow. It is possible to use 
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the detected information to obtain other parameters under software control, 
e.g. indication of the size of a leak. 
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CLAIMS 

I A pipeline leak detector system comprising: 

a acvice for passing*^ bore of apneas fluid ^ *"* 

wall; . ,. 

m ea»s for providing a continuously avaiiable orifice from <he p.pehne 

the test chamber from a second chamber; 

m eans for continuously detemrnting me interna! pipeline bore size; 
me ans for measuring me differentia, pressure between two different 
.ocatiohs mending a firs, pressure means for measuring the, different*, 
pressure between me test chamber fluid and the pipeline fluid externa, of 
the device; and 

means for determining the position of the device as.it travels through the 
pipeline. 

2 A system as claimed in Cairn 1 , wherein a second pressure means 
is configure* to measure tire differentia, pressure between fluid in the 
second chamber and tire pipeline fluid external of the device. 

is configured to measure me differentia, pressure of the fluid between me 
fent and rear of the device as it travels in *e pipeline. 
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4. A system as claimed in claim 1, 2 or 3, wherein the test chamber is 
provided coaxially with the second chamber. 

5. A system as claimed in any preceding claim, wherein the means for 
determining bore size includes a plurality of measuring devices each for 
determining a size measurement which is combined to determine bore size. 

6. A system as claimed in any preceding claim, wherein storage means 
are provided for holding the detected parameters for later retrieval, said 
storage means including means connected to the means for determining the 
position of the device so as to commence storing information when the 
device has travelled a predetermined distance along the pipeline. 

7. A system as claimed in any preceding claim wherein the second 
chamber in use extends to the internal pipe wall so as to surround the test 
chamber. 

8. * A system as claimed in claim 7, wherein the test and second 
chambers each terminate in resilient means to provide a seal between the 
device and the adjacent pipe wall; - ; 

9. A system as claimed in any^ preceding claim, including computation 
means for computing leak information from measured information 
following the passage of the device through the pipeline, and interface 
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means for allowing 
computation means. 



downloading of information from the device to the 



10 A system as ciaimed in any preceding claim including means fot 
providing a visual display of test parameters including pressure, distance 



and bore size. 



n a system as claimed in any preceding claim including means for 
providing visual information on the veiocity of the device. 

,2 A method of detecting pipeline leaks; including the steps of: 
passing a device with detectors thereon through tire bore of the pipeline so 
as to be driven by the fluid flow; 

measuring a differential pressure berween a test chamber, formed berween 
A, device and the ptpeline wall, and the externa! fluid in the pipelme; 
measunng a differentia! pressure berweon a second chamber, formed 
barwecn me device and the pipeline wall, and the external fluid m the 
pipeline, the two chambers being linked by a continuously present onfice; 
continuously determining d-e internal bore size of the pipetine; and 
determining me position of the device as it navels through the pipelme. 

,3 Amemodasclaunedinclaim !2 inc.uding the step of measuring the 
differential pressure between me flout and rear of the devtce as i, trave.s 
through the pipeline. 
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14. A method as claimed in claim 12 or 13 including the step of storing 
measured infonnation only after the device has travelled a predetermined 
distance through the pipeline. 

15. A pipeline leak detector system substantially as described and with 
reference to the accompanying drawings. 

16. A method of detecting pipeline leaks substantially as described. 
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